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Abstract Based on Document (1), by considering the retarded interaction of radiation fields, the third order 
transition probabilities of stimulated radiations and absorptions of light are calculated. The revised 
formulas of nonlinear polarizations are provided. The results show that that the general processes of 
non-linear optics violate time reversal symmetry. The phenomena of non-linear optics violating time 
reversal symmetry just as sum frequency, double frequency, different frequencies, double stable states, 
self-focusing and self-defocusing, echo phenomena, as well as optical self-transparence and self 
absorptions and so on are analyzed.  
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1. Time reversal of the third order process of double photons  
As proved in Document (1), after the retarded effect of radiation field is considered, the processes of 
light’s stimulated radiations and absorptions violate time reversal symmetry. In this paper, we continue to 
discuss the problems of time reversal in the processes of non-linear optics. The problem of double photons 
is discussed at first. According to the formula (33) in document (1), by considering rotation wave 
approximation, when mlωω =2  we have the transition probability amplitude of the second order process 
of double photon stimulated absorption 
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So the total transition probability of stimulated absorption of double photons in the first and second 
processes in unit time is 
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Here “ Re ” represents the real part of the function. Similarly, we can obtain the time reversal of transition 
probability of stimulated absorption of double photons in the second process 
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By relations 
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, the time reversal of total transition probability of stimulated absorption of double photons in 
the first and second processes is 
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According to the formulas (18), (19) and (32) in Document (1), we have 
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as well as 
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So there is no symmetry violation of time reversal in the first and second order processes of double photons. 
We should consider the third order process. In light of (12) in Document (1), the transition probability 
amplitude of the third order process is 
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By taking the integral of the formula, we can obtain the probability amplitude of the third order processes. 
The result is shown in appendix. For the double photon absorption processes with mlωω =2 , by rotation 
wave approximation, the probability amplitude and transition probability in unit time are individually 
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Here . On the other hand, by taking  in (24) in Document (1), we can get the 
time reversal of (6) 
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By considering relations , , *22 ˆˆ jlTlj HH ′=′ *11 ˆˆ jlTlj HH ′=′ ( )*11 ˆˆ +=′ mlml FF , , *11 ˆˆ mlml FF =′+ ( )*22 ˆˆ +=′ mlml FF  
and  as well as by the same method to do integral and take rotation wave approximation,, we 
get the time reversals of probability amplitude and transition probability in the third order process of double 
photon absorption individually 
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Here . Comparing with (8), we know that the difference  leads to time 
reversal symmetry violation. But if the high order multiple moment effects are omitted, symmetry 
violations of time reversals in the third order processes would not exist.  
+−= mmmmm FFiA 11 ˆˆ ml AA ≠
 
2. Sum frequency process and its time reversal  
The process of sum frequency process in non-linear optics is that an electron translates into higher 
energy lever m  from low energy level l  by absorbing two photons with frequencies 1ω  and 2ω  
individually, then emits out a photon with frequency 213 ωωω +=  and translates from higher energy 
level m  into low energy level l  again. Suppose that incident light is parallel one containing 
frequencies 1ω , 2ω  and 213 ωωω += , and the strength of electrical field is 0E
v
, the interaction 
Hamiltonians between electron and radiation field are  
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When we calculate probability amplitude, the result corresponds to let λωω →  and take sum over index 
λ  in (33) in Document (1) or in the formula in the appendix of this paper. For the process an electron 
absorbs two photons with frequencies 1ω  and 2ω , transits from low energy level l  into high energy 
level m , transition probability corresponds to let mlωωωω =+= 212  in (8) of double photon 
absorption process. When the electron transits back from high energy level m  into low energy level 
l  by emitting a photon with frequency 3ω , after the retarded effect and high order processes are 
considered, according to (47) in Document (1), the transition probability is  
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Therefore, for the sum frequency process that an electron translates into state m  from state l  by 
absorbing two photons with frequencies 1ω  and 2ω , then translates back into original state l  from 
state m  by emitting out a photon with frequencies 213 ωωω += , the total transition probability is 
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Meanwhile, according the calculation in (38) in Document (1), after the retarded effects and high order 
processes are considered, the transition probability that an electron transits from state l  into state m  
by absorbing a photon with frequency 3ω  is 
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So for the time reversal of sum frequency process that an electron absorbs a photon with frequency 3ω  
and transits from state l  into state m , then emits two photons with frequencies 1ω  and 2ω , and 
transits back into original state l , the total transition probability is  
( ) ( ) ( )
⎩⎨
⎧ −′++=+ ==+
2
11
2
122
22
22
22 4142
321 mmllml
ml
m
mlTT FˆFˆFˆ
AFˆWW
mlml ω
π
ωωωωω hh  
( ) ( )[ ] ( )ml*mm*ll*mlmlm
ml
FˆFˆFˆFˆAiRe ωωδω −⎭⎬
⎫−′++ 2214 1112h   
 4
        ( ml
ml
l
ml
AFˆ ωωδω
π −
⎭⎬
⎫
⎩⎨
⎧ ++ + 322
22
12 1
2
hh
)                       (18) 
Similarly, because of ml AA ′≠ , sum frequency process violates time reversal symmetry.  
By the same method, we can prove that the other processes of non-linear optics just as double 
frequency, difference frequency, parametric amplification, Stimulated Raman scattering, Stimulated 
Brillouin scattering and so on are also asymmetric under time reversal. The reason is the same that the 
light’s high order stimulated radiation and absorption processes are asymmetric under time reversal after 
retarded effect of radiation fields are taken into account.  
What is discussed above is based on quantum mechanics. But in the most practical problems of 
non-linear optics, we calculate the problems based on classical equations of electromagnetic fields. So we 
need to discuss the revised non-linear polarizations when the retarded effect of radiation field is taken into 
account. According to the current theory of nonlinear optics, polarizations are regarded unchanged under 
time reversal. This does not coincident with real observations. The reason is that we only consider the 
dipolar approximation without considering the retarded effects of radiation field and the high order 
processes of light’s stimulated radiation and absorption. We now discuss the revision of non-linear 
polarizations after the retarded effect of radiation fields and the high order perturbation processes are taken 
into account, as well as a great number of phenomena violating symmetry of time reversal in non-linear 
optics. 
  
3. Non-linear polarizations and its symmetry violation of time reversal  
In light of (54) in Document (54), we let mlmlml DD
vv λ+=′ 1  represent the revised dipolar moment 
after retarded effect is considered, lmlmlm DD
v λ+= 1 v′ ′ represent the time reversal of mlD
v
. We have 
lmml λλ ≠  and lmml DD ′≠′
vv
 in general. Therefore, as long as we let mlml DD ′→
vv
 in the current formula 
 of  non-linear polarizations, we obtain the revised formula after the retarded effect of radiation 
fields and the high order perturbation processes are taken into account. Correspondingly, we let 
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vv
 and obtain the time reversal formula ( )n k...Tijχ . It is obvious that non-linear polarizations can not 
keep unchanged under time reversal. For example, for the non-linear polarizations of the second order 
processes, we have 
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Its time reversal is 
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In general, we have lmml DD ′≠′
vv
 and ( ) ( )22 Tijkijk χχ ≠ . So in general situations we have ( ) ( )n k...Tijn k...ij χχ ≠ . 
Therefore, the polarization formula of electrical medium and its time reversal are 
                        ( ) ( ) ( )( )⋅⋅⋅++= kjiijkjiijii EEEEEEP 3210 χχχεv                        (21) 
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We have  in general. So the motion equation of classical electrical field and its time reversal are 
also asymmetrical in general with forms 
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Because (21) and (23) are the basic equations of nonlinear optics, we can say that the general nonlinear 
optical processes violate time reversal symmetry. In fact, only by analyzing nonlinear optics phenomena 
without complex calculations, we can show the irreversibility of nonlinear optical processes directly under 
time reversal. Thought the irreversibility concept of processes is not completely the same with that of the 
asymmetry of time reversal, they are coincident in essence. So let’s analyze same practical examples to 
exposure further the irreversibility of nonlinear optics processes below.  
  
4. Irreversibility of nonlinear optics processes  
As we know that the processes of linear optics just as light’s propagations, reflection, refraction, 
polarization and so on in uniform mediums are reversible. For example, light’s focusing caused by a 
common convex mirror at point  shown in Fig.5. When a beam of common light is projected into a 
convex mirror, it would be focused at focus . If we put a same convex mirror at point 
A
O B , and  is 
also the focus of convex mirror 
O
B , the light sent out from  point would become a beam of parallel 
light again when it transit out convex mirror 
O
B . The process that light moving from  can be 
regarded as the time reversal process of light moving from . It is obvious that the process is 
reversible. The second example is that a beam of white sunlight can be resolved into a spectrum with 
different colors by a prism. When these lights with difference colors are reflected back into prism along 
same paths, white sunlight would be formed again. The third example is that a beam of light can become 
two different polarization lights with different propagation directions when the light is projected into a 
double refraction crystal. If these two polarization lights are reflected back into the crystal along same path 
again, the original light is formed. All of these processes are reversible. But in the processes of non-linear 
optics, reversibility does not exist. Some examples are shown below. 
BO →
O→A
  
4.1 Light’s multiple frequency, difference frequency and parameter amplification  
A beam of laser with frequency ω  is projected into a proper medium and proper phase matching 
technology is adopted. The light with multiple frequencies ω2  would be found in penetrating light 
besides original light with frequency ω  as shown in Fig.1. If the lights with frequencies ω  and ω2  
are reflected back into the same medium, as shown in Fig.2, they can’t be completely synthesized into the 
original light with a single frequency ω . Some light with frequency ω  would become multiple 
frequency light again by multiple frequency process. Some light with frequency ω2  would become the 
light with frequency ω  by difference frequency process. Meanwhile, some light with frequencies ω  
and ω2  would penetrate medium without being changed as shown in Fig 2. So the original input light 
can’ be recovered and the reversibility of process is broken. The situations are the same for the sum 
frequency, difference frequency and parameter amplification processes and so on. 
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4.2 Bistability of optics  ( )2
As shown in Fig.3 and Fig.4, the processes of optical bistability are just as the polarization and 
magnetization processes of ferroelectrics and ferromagnetic. In the processes the hysteretic loops are 
formed between incident and outgoing electrical field strengths. In the polarization and magnetization 
processes of ferroelectrics and ferromagnetics, electromagnetic fields changing along positive directions 
can be regarded as the time reversal of fields changing along negative directions. There exist electric and 
phase hysteresis. The hysteretic loops are similar to heat engine cycling loops. After a cycling, heat 
dissipation is produced and the reversibility of process is violated. 
 
 
 Fig. 1. Process of light’s multiple frequency            Fig. 2. Time Reversal process of  
Light’s multiple frequency 
 
 
 
 
 
 
 
 
 Fig 3. Optical bistability of nitrobenzene         Fig 4. Optical bistability of mixing type 
 
.3 Self-focusing and self-defocusing processes of light
 
 ( )34   
Medium’s refractive index would be changed nonlinearly when a beam of laser with uneven 
istribution on its cross section just as Gauss distribution is projected into a proper medium. The result is 
t medium seems to become a convex or concave mirror so that parallel light would be focused or 
lf-focusing and self-defocusing of light. The stationary self-focusing process is 
hown in Fig.6. Parallel light is focused at point . Then it becomes a thin beam of light projecting out 
edium. Comparing it with common focusing process shown in Fig.5, if the self-focusing process is 
reversi  the light focused at pint would me parallel light again when it projecting out the 
medium re 
versible, and so do for self-defocusing process of light. 
d
tha
defocused. This is just se
O
beco
s
m
 O  ble,
 as shown in dotted lines in Fig 6. But it dose not actually. So self-focusing processes a
irre
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  Fig 5. Focusing process of light 
Fig 6. Self-focusing process of light 
  
  
                
  
4.4 Double and multi-photon absorption ( )4  
orption process of photons, an electron in low-energy level would abIn double abs sorb two photons at 
frequencies 1ω  and 2ω  and transits to high- energy level. But if the electron at high
 level, it either gives out only a photon at frequency 213
-energy level transits 
back to low gy-ener ωωω += , or two photons at 
frequencies 11ω ≠′ , 22 ωω ≠′ . In general it would not give out two photons with orω iginal frequencies 
1ω  and 2ω . So double photon absorption processes are irreversible. And so do for multi-photon 
absorption. 
  
 Photon echo phenomena
d agnetic field, a beam of laser can be resolved into two 
light
 th t s
ree lights sign
 again, t  can’t r
is c  or
pin echo, ferromagnetic echo and plasma echo and so on. All of them are irreversible and 
late time reversal symmetry.  
4.6 
( )5  4.5
Under a certain conditions of temperature an m
s with a time difference by using a time regulator of optics. Then two lights are emitted into a proper 
crystal. Thus ree ligh igns can be observed when they pass through the crystal. The last sign is photon 
echo. This is a kind of instant coherent phenomena of light. If these th s are imported into 
same medium hey eturn into origin two lights. Either three signs are observed (no now echo 
aused)  more signs are observed (there are new signs are caused). In fact, besides photon echo, there 
are electron s
vio
  
Light’s spontaneous radiation processes 
As we known that there exists two kinds of different processes for light’s radiations, i.e., spontaneous 
radiation and stimulated radiation, but there exists only one kind of absorption process, i.e., stimulated 
radiation without spontaneous absorption in nature. An electron can only transform from high energy level 
into low energy level by emitting a photon spontaneously, but it can not transform from low energy level 
 8
into high energy level by absorbing a photon spontaneously. So the processes of light’s absorptions 
themselves are obviously asymmetrical under time reversal.  
  
5. Retarded interaction and non-equilibrium correction function in statistical physics 
eason that symmetry violation of time reversal in the 
high
nd fluctuation correlation functions and so on. 
 will point out that the non-equilibrium correlation functions and fluctuation correlation functions are 
um 
corre
In Document (1), the author had discussed the r
 order stimulated radiation and absorption of light. In view of this problem’s significance, we discuss 
this problem further in this paper. As we known that in the current statistical physics, conservative force is 
used. Based on it, the Liouville equation is symmetrical under time reversal. By considering the fact that 
the evolution processes of most material systems are irreversible, in order to describe the irreversibility of 
non-equilibrium systems, we have to introduce some concepts phenomenistically relative to irreversibility 
and dissipation just as non-equilibrium correlation functions a
We
relative to retarded interaction below. For non-equilibrium processes, the introduction of non-equilibri
ction function is essential. As long as it is determined, the non-equilibrium evolution of system would 
be determined in certain content. In statistical mechanics, the non-equilibrium correlation function is 
generally defined as ( )6  
( ) ( ) ( ) >++=< ττ t,rxBt,xAt,,r,xG BA vvvvv                        (24) 
The formula indicates that the value of physical quantity A  at space point xv  and moment t  is relative 
to the value of physical quantity  B  at space point rx vv +  and moment τ+t  and the correlative degree 
is represent by BAG . As we known according to special relativity, the propagation speed of interaction is 
limited. Suppose that the propagation speed of interaction is light’s speed in vacuum, let 0<−= c/rτ , 
the influence of  B on A  is retarded. If 0>= c/rτ , the influence of  B on A  is leading. If 
correlation function are not local, i.e., for arbitrary point xs v , the correlation functions are the same, we 
can write (24) as  
( ) ( ) ( ) ( ) ( ) >±>=<+=< t,rBtAt,rBtAt,,rG BA vvv ττ c/r                  (25) 
Under general situation, (24) and (25) are asymmetrical un time reversal. For equilibrium states, we do 
he statistical average of (24) over the probability distribution function of equilibrium states, the correlation 
e having nothing to do with time t  and coordinate x
der 
t
function can becom v  with 
) ( ) (( ) ( ) ( ) 000 ±+++ c/rt,rxBt,xt,rxBt,xA,rGAB >=<>=< A vvvvvvv τ
O e evolution of the system would be symmetry under time reversal. For the quantum 
statistical processes of non-equilibrium, by considering the non-commutative ch
corresponding non-equilibrium correlation function is defined as 
τ             (26) 
nly in this case, th
aracter of operators, the 
( ) ( ) ( ) ( ) ( )[ ]t,xAˆt,rxBˆt,rxBˆt,xAˆˆTrt,,r,xG BA vvvvvvvv ττρτ +++++= 21               (27) 
It is the same that the interaction among the different parts is also retarded or leading. Let’s discuss a 
example, i.e., the Casimir-Polder interaction to see the concrete form of correlation function. By 
considering the fluctuation f uniform electromagnetic field, let 12 rrR
vvv −= , the i  partial quantity of 
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dipolar moment at point 1r
v  can be written as ( )7   
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ⋅⋅⋅+ωωαω ,rEd,RD jspjRijsp 122+++= ωαωωαωωαω d,RD,rEdd jRijispii 1211111 vvvv    (28) 
Here ( )ω,RDRij v  
ontaneo
is a fu on relative to th tarded Green’s function. The first ite
the sp us fluctuat  dipolar moment, e second is the dipolar moment induced by fluctuation 
ncti
ion
e re
 th
m on the right side is 
electric field ( )ω,rEi 1v , the third is the dipolar moment induced by the retarded electric field which 
propagates from 2r
v  to 1r
v , the forth is the dipolar induced by the retarded electric field ( )ω,rE j 1v  
propagating to point 1r
v , which is caused by the dipolar moment tha ed by the fluctuation electric 
field at point 2r
t is deduc
v , and so on. Therefore, the tota elecl tric field at point 1r
v  is 
( ) ( ) ( ) ( ) ( ) ( )ωωαωωωω ,rEd,RDd,D,rEE jspjRijspjiT 22221i RRij,r v vvv v ++=  
( ) ( ) ( ) ⋅⋅⋅+−+ spkRjkspjRij d,RDd,RD 122 ωωαω vv                      (29) 
The first item ght side of the formula is the fluctuation electric field at 1r on the ri
v  point. The second is the 
retarded field that  caus d by fluctuation dipolar moment at point 2r
v  then is propagated to 1r
vis e point .  
The third is the retard d electric field that is induced by dipolar moment which is caused by fluctuation 
electric field at point 2r
 
e
v  then is propagated to point 1r
v , and so on. By using the formulas, we obtain
fluctuation correlation function 
 the 
( ) ( ) ( ) ( ) ( ) ( ) ><>=< ωωωωωαω ,rE,rE,RD,rd jiRijT 211⋅E1 α2v vvvvv  
( ) ( ) ( ) ( ) ( ) ><+ ωωωωωα spspR dd,RD,R vv kjjkij 221 RD   
( ) ( ) ( ) ( ) ( ) ><+ ωωωωαωα ,rE,rE,RD jiiRij 2111 vvv   
( ) ( ) ( ) ( ) ( ) ⋅⋅⋅+><−+ ωωωωωα spkspiRjk dd,RD,R 212 vvRijD           (30) 
It is obvious that the corre tion function is ve retarded interaction closely. By means of the correlation 
function, the Casimir-Polder potential can be written as 
la  relati
( ) ( ) >⋅<−
2
1
m fluct
uatio
= ∫∞
∞−
ωπ
ω ,rEddRV T vvv12                         (31) 
So the Casimir-Polder potential is also relative to retarded interaction.  
We can also pt of vacuu uation to deduce the Casimir-Polder i
more simply. Suppose th he vacuum fluct n electric field of System 2 which located at point 
 use the conce
at t
nteraction energy 
2r
v  is 
composed of ( )ω,rE 20 v  and ( )ω,rE 21 v . ( )ω,rE 21 v  is the retarded electric field induced by the spontaneous 
dipolar moment ( )ωα ,rEd sp 101 v=  at point r1 1v  and then 2rv is propagated to point  and  is caus by 
the vacuum
spd1 ed 
 fluctuation electric field ( )ω,r1E0 v 1rv at point . We can let approxim  ately
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( )( ) ⎟⎠⎜⎝≈ cgR,rE 321
⎞⎛ R,rE ωωαω 101
vvvv                          (32) 
Here g  is a d e have imensionless function. Therefore, w
( ) ( ) ( )ωωω ,rE,rE 2110,rE 22 vvvvvv +=                          (33) 
It is obvious that ( )ω,rE 22 vv  ( )ω,rE 22
is relative to the retarded effect of electric field. The dipolar moment induced 
by electric field v
v
 and interaction energy are individually 
( ) ( ) ( )[ ]ωω ,rE 21αω ,rE,rd 20022 vvvvv +=                         (34) 
( ) ( ) ( ) ( )[ ] ( ) ( ) ( )ωω ,rE,r 2120 vvvv ⋅            (35) ωαωωωαω E,rE,rE,RV 222120221 vvvvv ≈+≈ ≈
 moment 
By comparing the discussion above and the calculating results of u
order retarded effect of radiation field in this paper, we can obtain some conclusion as shown below. In the 
current non-linear and non-equilibrium statistical mechanics, the irreversibility in
fluctuation and non-equilibrium correlation functions are relative closely to retarded inter
cal and approximate ones. There exists 
some randomicity and uncertainty. For example, only dipolar moments are involved in the formulas above, 
no m
   
 to new. The reason is 
that we do not know the dynamic origin of irreversibility in the non-equilibrium processes. All 
irrev
Thus, the dipolar induced by vacuum fluctuation electric field and the interaction energy of 
vacuum fluctuation electric field are relative to retarded effects.  
sing quantum mechanics and high 
troduced through 
action. In this way, 
the calculation can be greatly simplified. However, this kind of method is phenomenistical one, not starts 
from the original principle, the obtained results would be statisti
ultiple moments to exist. All effect of multiple moments is substituted by some parameters which are 
remained to be determined. But according to the method in this paper, we calculate the problem based on 
the original principle of quantum physics. Not only dipolar moment, but also multiple moments are 
involved. We can calculate any high order processes in principle. We can calculate any high order process 
in principle and all parameters in phenomenistical theory can be determined. So the asymmetry of time 
reversal deduced in this paper comes from the original dynamic principle of physics with essential 
significance. The asymmetry violation introduced by non-equilibrium correlation and fluctuation 
correlation function is caused by statistical method with assumptive element, not coming from original 
dynamic principle of physics. Though the results deduced from two methods are equivalent, and the 
method of this paper is complex and difficult comparing with the statistical method. 
In fact, the concepts of fluctuation and dissipation are only suitable to the equilibrium or near 
equilibrium systems. The deduced irreversibility is also limited. For the systems far away from the 
equilibrium states, it is unsuitable for us using fluctuation theory to explain irreversibility. But the method 
of this paper is generally suitable. On the other hand, based on the hypothesis of equivalent probability and 
ensemble, the statistical physics of equilibrium state has been established at present. But as we known that 
the statistical physics of non-equilibrium state has not been completely established up
ersibility in non-equilibrium theory is introduced by the phenomenistical method. Based on the 
retarded interaction of electromagnetism, we can find the dynamic origin of irreversibility for 
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non-equilibrium statistical physics and reach the unified description for both equilibrium and 
non-equilibrium physics.  
In this paper, we discuss the problems based on non-relative quantum and retarded electromagnetic 
interaction. The retarded f interaction indicates that the propagation speed of interaction is limited. So after 
retarded effect is considered, the interaction Hamiltonian is relative one in essence. The only problem is 
that we have not used quantized operators. By strict consideration, we should discuss problem based on 
quantum field theory. Because the Hamiltonian of electromagnetic interaction is symmetrical under time 
reversal, in light of the common understanding at present, the processes of light’s stimulated and absorption 
woul
al processes. For the electromagnetic 
inter
le process also violates time reversal symmetry, though the sum of all 
filial
artm
 
d be symmetry under time reversal. Then, whether or not the results obtained in the paper that the 
processes of light’s high order stimulated and absorption and non-linear optics violate time reversal 
symmetry contradicts with the judgment of quantum field theory? 
The author has explained this problem in Document (1). The reason is that in the interaction between 
bounding atoms and photons, the energy levels of bounding atoms are not continuous. By the restriction of 
energy conservation law, certain filial or partial transition processes are forbidden or can’t be achieved. 
These restrictions would cause the symmetry violation of time reversal of other partial transition processes 
which can be actualized really. These realizable filial or partial processes which violate time reversal 
symmetry generally are just the practically observable physic
action between non-bounding atoms and radiation fields, there is no this kind of symmetry violation of 
time reversal. The calculations show that the violation of time reversal takes place in the second order 
process. So when the strength of radiation field is big enough, the violation of symmetry would be great. 
But if all realizable and forbidden processes are taken into account, the total processes of electromagnetic 
interaction are still symmetrical under time reversal. So the results in this paper do not contradict with the 
judgment of quantum field theory. 
On the other hand, in quantum field theory, w can discuss time reversal in both coordinate space and 
momentum space. The interaction Hamiltonian in the coordinate space contains all possible processes 
actually, so the symmetry of time reversal is also for the sum of all processes. In the momentum space, 
however, we calculate concrete filial or partial transition processes, in stead of total processes actually. It 
can be proved in light of quantum field theory that the normalization process of the third order vertex 
angles in momentum space for sing
 processes is still symmetric in the coordinate space. However, the violation of time reversal in the 
normalization process of the third order vertex angles is very small only with the magnitude of 510− , we 
can not find them in light of the current precision of experiments with the magnitude of 310−  at most. We 
need more accurate experiments to verify the existence of symmetry violation of time reversal in the high 
order normalization processes of quantum field theory. This problem is neglected at present. The author 
will discuss this problem in detail later.  
The author gratefully acknowledges the valuable discussions with Professors Qiu Yishen in Physical 
and Optical Technology College, Fujian Normal University and Zheng Shibiao in Physical Dep ent, 
Fuzhou University. 
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